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B y using remotely operated vehicles, we have collected specimens of seven species of hitherto unknown swimming annelid worms in deep waters of northeast and western Pacific Ocean (1). Specimens range in length from 18 to 93 mm and propel themselves with fans of long bristles that form swimming paddles ( Fig. 1 and movie S1 ). Five species have four pairs of lateral, ellipsoidal organs on anterior segments that produce brilliant green bioluminescence when autotomized. All species were found between 1863-m and 3793-m depths; four live close to the seafloor (movie S2), whereas the other three are found as far as 444 m above the seafloor and are holopelagic (movie S3). Two of the demersal species were observed at densities as high as six per cubic meter. All are excellent swimmers, moving both forward and backward with use of long (at least eight-segment wavelength) metachronal waves originating posteriorly (movie S1).
These species form a previously unknown monophyletic group of acrocirrids, worms generally living in seafloor sediments. Swima n. gen. are swimming Acrocirridae that lack eyes and possess more than 30 long, spinous chaetae per parapodium [supporting online material (SOM) text]. The genus is typified by Swima bombiviridis n. sp. [holotype, SIO-BIC (Scripps Institution of OceanographyBenthic Invertebrate Collection) A1282, fig. S1 ; paratypes, SIO-BIC A1281, A1283, A1284, and A1634 to A1638], which is distinguished by its transparent foregut and greater than 15% uncorrected cytochrome oxidase I (COI) distance from all other Swima species. This new clade is not closely related to either of the two previously known pelagic cirratuliforms (2) and so represents a third and separate invasion of the pelagic realm within Cirratuliformia (Fig. 1E) .
Green bioluminescence occurs in all the "bomb"-bearing species tested for luminosity. The luminescent structures are colloquially termed bombs because they suddenly burst into light when released by the animal, glowing intensely for many seconds then slowly diminishing. Similar autotomy of bioluminescent structures is thought to be a defensive behavior, distracting a predator while the animal escapes, and has been documented in a brittle star (3) and a squid (4) . Bioluminescence for defense and reproduction is well known in many polychaetes (SOM text) .
Histological study indicates the bombs are simple, fluid-filled structures with minimal internal organization, consisting of two small, central chambers and two minute, hemolymph-filled chambers on opposite poles. Both positional homology and morphological similarities support bombs as homologous to the segmental branchiae in Swima species lacking bombs and other Acrocirridae ( fig. S2, A to D) .
The discovery of a clade of large, active, deepsea annelids with unique morphology, bioluminescence, and high biomass emphasizes our limited knowledge of deep-sea pelagic and demersal communities. Table S1 Figure S1 and S2 Videos S1-S3 captions Explorer from the Celebes Sea, Phillipines (Swima sp. 5 2800-2900 meters, 4º 42-58ʼ N, 120º 7-14ʼ E; Swima sp. 2 2836 meters, 4º 58ʼ 00" N, 120º 14ʼ 36.6" E) in 2007. All specimens were collected using 7.5 liter detritus samplers, a highflow suction sampler (S1), or the glass sampler (S2). Upon recovery from such depths, animals were often unresponsive and had dropped "bombs", branchiae, and/or palps. Animals were relaxed with magnesium chloride prior to preservation in 2 % glutaraldehyde in sodium cacodylate buffer, 4-20 % formalin in seawater, 95 % chilled ethanol, or pieces in RNALater (Ambion, Austin, TX).
Materials and Methods

Nineteen specimens of
Chaetae were imaged with differential interference contrast and with a scanning electron microscope. Dissected branchiae, papillae, and bombs were embedded in Spurrʼs resin, sectioned, and stained with toluidine blue. The anterior portion of a S. bombiviridis and a Swima sp. 3 were embedded in wax, sectioned, and stained with 0.1 % aqueous azureA.
In order to resolve relationships of the new species to known Cirratuliformia, all non-redundant and reliable flabelligerid, acrocirrid, and cirratulid sequences, for which at least two of the five study genes were available, were included in this project (Table S1 ). Of the Cirratuliformia, the new species were most morphologically similar to acrocirrids and flabelligerids and least similar to cirratulids. Cirratulids were chosen as the root based on morphological (S3, S4, S5) and molecular attempts to resolve relationships within Annelida (S6, S7, S8) . Cirratulids rooted the tree such that flabelligerids were paraphyletic and contained a monophyleic Acrocirridae. This requires reversals of complex morphological characters in the relatively simple-bodied acrocirrids with respect to flabelligerids and further investigation into the relationship between these two taxa is warranted. It should also be noted that Cirratulidae form a long branch with respect to Flabelligeridae and Acrocirridae, suggesting the root location requires further assessment. These issues are beyond the scope of this investigation and do not impact the monophyly or naming of the new clade. DNA sequence methods were described in detail in (2) with the addition of the sequences indicated in bold (Table S1 ) and the use of Qiagen DNeasy tissue kit (Valencia, CA) for all new extractions.
Sequences were concatenated only when from the same extraction except in six cases for which extracts were not available (Table S1 shaded Bayesian analyses of the data sets were conducted using MrBayes 3.1.2 (S11). Standard procedures based on Modeltest 3.5 (S12) were implemented in PAUP* 4.0b10 to select the most appropriate models for individual genes. The relative fit of models was assessed by the Akaike information criterion. Smaller values of AIC are preferred (S13, S14) and the General Time Reversible + Proportion Invariant + Gamma (GTR+Ι+Γ) represented the optimal model with respect to all genes. Partitions were unlinked in the concatenated analyses. Each Markov chain, three heated and one cold, was started from a random tree and all four chains were run simultaneously for 5 to 50 million generations, with trees being sampled such that the resulting data set from each run contained at least 10,000 data points after burn-in. AWTY (S15) was used to determine if a sufficient number of generations had been completed for posterior probabilities to stabilize, as well as to determine amount of required burn-in before inference from the MCMC data set was made. Repeated analyses converged on similar parameter estimates.
Parsimony analyses were conducted with PAUP* 4.0b10 (S16) using an equally weighted character matrix, the heuristic search option, the tree-bisectionreconnection branch-swapping algorithm, and 1000 random addition replicates.
Gaps were treated as missing data. Bootstrap values were obtained with the same settings as the parsimony analysis (1000 replicates). There were 1743 parsimony informative characters from the complete 5029 base-pair alignment.
Further Results and Discussion
Bioluminescence
Specimens were recovered in various conditions, from alive and undamaged to severely damaged and dead. Despite this range, zero to eight bombs were found attached to recovered specimens with no correlation between the degree of damage and the number of bombs remaining. Live specimens were recovered with up to eight bombs, a full complement. These bombs were observed in various states of regeneration (judged by size) within single individuals. The ROVʼs lights and camera capabilities coupled with the size of the bombs (typically less than one mm) did not allow observation of bomb release in situ.
Once recovered, manual stimulation of the animal at any point along the body or head would result in the release of a bomb or two, which would immediately bioluminesce. Further stimulation would result in release of additional bombs if they were available. It is assumed based on 1) laboratory observations, 2) the various states of bomb regeneration within single individuals, and 3) the number of bombs still attached to recovered specimens that they are not all released at one time in situ and that disturbance caused by observation and collection with the ROV is not significant enough to cause release of all bombs. It is unfortunate that since bomb release in situ is not observable, we cannot at this time determine potential predators reaction to the release of bombs.
Bioluminescence is a known defensive tool in polychaetes. When severed, the posterior end of Eusyllis bromstrandi (Syllidae) continues to glow for several seconds while the light in the anterior region is immediately extinguished (S17, S18). Odontosyllis species (Syllidae) produce bioluminescence as a startle response (S19), as do Chaetopterus (S20). Many scaleworms (Aphroditoidea) are known to slough manually stimulated scales that continue to glow (S21) . We suggest that the use of bioluminescent bombs seen in some Swima species is not associated with reproduction, but instead serves a defensive function. The nature of the bioluminescent structures, observation of autotomization of these structures in response to stimulation at multiple points along the body, luminescence of the structures after release, and the presence of bioluminescence in immature and mature specimens supports this hypothesis. Swima n. gen. forms a well-supported clade distinct from all previously known acrocirrids and flabelligerids available for these analyses (Fig. S2) .
Helmetophorus, Chauvinelia, Flabelliseta, and Flabelligella were unavailable for genetic analyses, but as detailed above, they are distinguishable from Swima 
Etymology
Named for the common name used for the group, green bombers. Bombus is the Latin root meaning humming or buzzing from which the English word bomb is derived. Viridis is Latin for green.
Diagnosis
Swima with transparent gut. Possessing a thick, transparent gelatinous sheath penetrated throughout by narrow clavate papillae, simple noto-and neurochaetae, and three achaetous anterior segments supporting ellipsoid, bioluminescent, derived branchiae that are less than 1.5 mm in length.
Holotype description
Body transparent, 25 chaetigers with distinct parapodial lobes and numerous long chaetae, posterior half smoothly tapered with thick gelatinous sheath through which narrow, clavate papillae extend (Fig. 1B) . Total body length, when alive, over 15 mm. Small, clavate papillae clear or yellow in life, extend from body wall through gelatinous sheath, especially numerous on parapodia and dorsum of anterior segments. One to four large, white to brown, lollipop-shaped papillae interramal on each parapodium, largest found on second chaetiger (Figs. S1A-D). Pygidium unadorned (Fig. S1D) .
Head consists of prostomium, peristomium, and at least two achaetous segments possessing three forms of branchiae (Figs. S1A-C; but see Variation).
Prostomium consists of tissue posterior to palp attachments, supporting pair of low, ciliated, oblique ridges that form nuchal organs. No eyes. Grooved frontal palps transparent to yellow in life, tapered, coiling at tips, long, reaching at least fourth chaetiger (Fig. S1C) . Peristomium surrounds prostomium completely.
Buccal organ antero-ventrally located, unarmed, bilobed, forming eversible lateral lips (Fig. S1A) . Lateral lips and inner lobe lacking pigment. Three forms of branchiae: 1) single, long (reaching at least second chaetiger), tapered/subulate median branchia, transparent to white (Figs. S1A and C), 2) more than 40, fine, digitiform respiratory branchiae present across lateral and dorsal surface in tightly packed row, yellow in life (Figs. S1A-C) , and 3) four elliptical lobes attached to achaetous anterior segments posterior to median and digitiform branchiae and one on first chaetiger. Segmentally-occurring, elliptical, lobe-like branchiae greenish-yellow in life, autofluoresce the same color, produce bioluminescence, often autotomized. Bombs 0.7 to 1.1 mm in length. Scars from bombs distinguishable as slightly raised rings of thickened tissue, colloquially referred to as "bomb bays" (Fig. S1B) . Four pairs bomb bays: one slightly ventral from lateral midline just posterior to the digitiform branchiae, one posteriorly located on medial half of nephridiopore, one posterior to nephridiopore at lateral midline, and one posterior to chaetae on first notopodium. Slight ridge posterior to nuchal organs and anterior to median and digitiform branchiae, possibly indicating segment margin.
Chaetigers similar along body. Noto-and neuropodal lobes form single, nearly smooth projection with higher concentration of fine clavate papillae compared to rest of body surface (Fig. S1E) . One to four clavate papillae having rounded bulbous tips and narrow bases ("lollipop" shaped) found between noto and neuropodial lobes, project well beyond gelatinous sheath (Figs. S1A-D) , tips are solid, not hollow like those found in Flabelliseta. Noto and neurochaetae indistinguishable except by position, simple, with no articulations (Fig. S1G) . High magnification reveals fine whorls of spines along entire length chaetae giving especially distal tips segmented appearance, bases appearing striated under high magnification (Figs. S1F-H) . Distal edge of spinous whorls project as frayed edges on worn and longest chaetae. Chaetigers 4-6 each with a pair of low, hollow papillae (gonopore) at ventral base of neuropodia (Fig. S1A) . (Fig. S1C) . Heart body first distinguishable just posterior to digitiform branchiae, extends through the anterior one third of body until it appears to fuse with anterior-most dorsum of broadened portion of gut. Gonads form at posterior margin of chaetigers 4-6 (Fig. S1A) . 
Remarks
This species is most similar to Swima sp. 1 (Fig. 1C) and Swima sp. 2. The transparent gut and unpigmented buccal organ together with the genetic differences found in COI and CytB sequences (15 % and 12-13 % uncorrected distances respectively) separate the three species. Additionally, specimens of Fig. S2A) and Swima sp. 6 (Fig. S2C) 11.95' W). Animals were not observed on the seafloor although they were sometimes observed within sight of it.
Animals were most often observed hanging horizontally in the water column with the palps hanging forward and downward over the buccal organ, which typically projects antero-ventrally. The species, like others in the clade, swim by lateral undulation of the body coupled with expansion on the power stroke and contraction on the recovery stroke of the chaetal fans. Swimming was observed in both forward and rearward directions, which were difficult to distinguish unless the ROV was completely still and camera zoomed in enough to identify the anterior end. Animals were seldom observed in situ in close enough detail to determine the direction of their initial swimming when disturbed, but in the three instances where it was possible, direction of initial escape was always rearward. This is consistent with the direction of escape swimming observed in other Swima species.
Bioluminescence was seen as a steady glow from bombs that had been autotomized from the body of the animal. Bombs that were separated from the 
